Background
==========

Systemic lupus erythematosus (SLE) is a type of chronic autoimmune disease characterized by multiple organ damage, multiple autoantibodies formation, and numerous immune complex depositions with complicated etiological mechanism \[[@b1-medscimonit-23-2550],[@b2-medscimonit-23-2550]\]. Kidney is the main injury organ involved in SLE. Lupus nephritis (LN) is one of the most serious complications of SLE, and it is defined as chronic kidney damage caused by the release of inflammatory mediators, inflammatory cells infiltration, and immune complex deposition \[[@b3-medscimonit-23-2550]--[@b5-medscimonit-23-2550]\]. About 30--50% of SLE patients suffered from LN \[[@b6-medscimonit-23-2550],[@b7-medscimonit-23-2550]\]. SLE patients with LN are more likely to develop end-stage renal disease (ESRD) with high mortality and poor prognosis \[[@b8-medscimonit-23-2550]\]. LN is one type of SLE complications, others immunity-related damage to the kidney include: hematuria, proteinuria, and renal insufficiency. The pathogenesis of LN is related to an imbalance in immunity, including immune complex formation, immune cells, and cytokines. Direct pathogenic factors include inflammatory mediators and inflammatory cells infiltration \[[@b9-medscimonit-23-2550]--[@b12-medscimonit-23-2550]\]. MicroRNAs (miRNAs), which are about 22--25 nucleotides in length, are a kind of non-coding single-stranded RNA molecule encoded by endogenous genes. They participate in gene regulation at the transcriptional level \[[@b13-medscimonit-23-2550]\]. Each miRNA can regulate multiple target genes, while different miRNAs can also regulate the same target gene \[[@b14-medscimonit-23-2550]\]. It is presumed that more than a third of targeted human genes are regulated by miRNAs \[[@b15-medscimonit-23-2550]\]. MiRNA regulation is involved in a variety of biological processes, including individual growth and development, cell proliferation and apoptosis, cell metabolism, cell differentiation, and immune inflammatory response \[[@b16-medscimonit-23-2550]\]. MiR-146a is a member of the miR-146 family that is located on the long arm of chromosome 5. MiR-146a is an immune and hematopoiesis related miRNA, participating in hematopoietic cell proliferation and differentiation, cell immune response, and release of inflammatory mediators \[[@b17-medscimonit-23-2550]\]. One of its important functions involves regulating NF-κB signaling pathway activation and inflammatory cytokines release mediated by Toll-like receptor 4 (TRL4). It negatively regulates NF-κB signaling pathway and inflammatory reaction activation through targeting TRAF6, downstream of TLR4 \[[@b17-medscimonit-23-2550]\]. MiR-146a level is significantly downregulated in the peripheral blood mononuclear cells (PBMC) of SLE, suggesting that it may participate in the pathogenesis of LN \[[@b18-medscimonit-23-2550],[@b19-medscimonit-23-2550]\]. This study tested miR-146a and its target gene TRAF6 expression in LN patients and discusses their relationship with LN.

Material and Methods
====================

Main reagents and materials
---------------------------

RNA extraction reagent TRIzol and reverse transcription kit SuperScript® One-Step RT-PCR System were bought from Invitrogen. SYBR Green was from Takara. MiR-146a reverse transcription and PCR primer was from Ribobio. The PCR primer for TRAF6 was synthetized by Sangon. Rabbit anti-human TRAF6 antibody was from Abcam. ELISA kit was from eBioscience.

Clinical information
--------------------

A total of 128 cases of LN patients, between January 2006 and September 2007, who were seen in nephrology unit of Linyi People's Hospital were enrolled in the study. There were 16 males and 112 females with mean age of 40.6±8.2 years. No patients had received immunosuppressive treatment or immune modulators within three months. Patients with malignant tumors, acute or chronic infections, or other autoimmune diseases were excluded. Systemic lupus erythematosus diseases activity index (SLEDAI) was evaluated according to clinical manifestation and laboratory examination. Four points or less was considered the stationary phase (40 cases), while 5 points or higher was considered the active phase (88 cases). Another 30 cases of healthy volunteers were enrolled as controls, including 4 males and 26 females with mean age of 39.3±7.9 years. No statistical difference was observed in age and gender among the three groups (*p*\>0.05). Peripheral blood was extracted from the participants to separate PBMC and serum. PBMCs were isolated using the density gradient centrifugation method. The blood, diluted with equal volume of PBS, was slowly added to 5 mL lymphocyte separation medium (Ficoll Paque). After centrifuging at 1,600 rpm at room temperature (RT) for 30 minutes, the fluid was washed with PBS, and 1 mL TrRIol was added, and then stored at −80°C. Anticoagulation was at 4 °C overnight and then centrifuged at 4,000 rpm for five minutes. The supernatant serum was stored at −80°C. The participants were followed for 19--121 months. ESRD was selected as the outcome indicator.

This study was pre-approved by the ethical committee of Linyi People's Hospital. All participants signed the consent forms before being recruited into the study.

qRT-PCR
-------

Total RNA was extracted from PBMCs using TRIzol. The cells were treated by TRIzol and extracted by chloroform. After isopropanol sediment and ethanol washing, total RNA was diluted in DEPC water. Then reverse transcription of the RNA to cDNA was done using SuperScript^®^ One-Step RT-PCR System at 45°C for 30 minutes and 94°C for two minutes. The reverse transcription system contained 2 μg total RNA, 5 μL reaction mix (2×), 0.2 μL forward primer, 0.2 μL reverse primer, 0.2 μL RT/Platinum^®^ Taq Mix, and ddH~2~O. The PCR primers used were as follows:

1.  miR-146a P~RT~: 5′-GTCGTATCCAGTGCGTGTCGTGGAGTCGGC-3;

2.  miR-146aP~F~: 5′-CAGTGCGTGTCGTGGAGT-3′,

3.  miR-146aP~R~: 5′-GGGTGAGAACTGAATTCC-3′;

4.  U6P~RT~: 5′-CGCTTCACGAATTTGCGTGTCAT-3;

5.  U6P~F~: 5′-GCTTCGGCAGCACATATACTAAAAT-3′,

6.  U6P~R~: 5′-CGCTTCACGAATTTGCGTGTCAT-3′;

7.  TRAF6P~F~: 5′-ATGCGGCCATAGGTTCTGC-3′,

8.  TRAF6P~R~: 5′-TCCTCAAGATGTCTCAGTTCCAT-3′;

9.  β-actinP~F~: 5′-GAACCCTAAGGCCAAC-3′,

10. β-actinP~R~: 5′-TGTCACGCACGATTTCC-3′.

The PCR reaction system was composed of 5 μL of 2× SYBR Green Mixture, 1 μL forward and reverse primer at 2.0 μM, 1 μL cDNA, and 2 μL ddH~2~O. The reaction was performed at 95°C for 5 minutes, followed by 40 cycles of 95°C for 15 seconds and 60°C for 30 seconds. Each test was repeated three times.

Western blot
------------

Total protein was extracted and separated by SDS-PAGE. After transferred for 1.5 hours, the membrane was blocked by 5% skim milk at RT for 60 minutes. Next, the membrane was incubated in TRAF6 primary antibody (1: 500) at 4°C overnight and then incubated in secondary antibody at RT for 60 minutes (1: 5,000). Then the membrane was developed by ECL chemiluminiscence method and scanned. The band was analyzed by ImageJ.

ELISA
-----

The 96-well plate was incubated by 100 μL coating antibody at 4°C overnight. After washed by PBS three times, the plate was blocked by 200 μL ELISA/ELISPOT Diluent at RT for 60 minutes. Next, 100 μL supernatant or gradient diluted standard substrate were added to each well and incubated at RT for two hours. Then after washed by Wash Buffer, detection antibody was added to the plate at RT for 60 minutes. Then 100 μL Avidin-HRP was added at RT for 30 minutes, and further treated by 100 μL TMB at RT for 15 minutes. At last, the plate was treated with 50 μL Stop Buffer and results read at 450 nm on a microplate reader.

Statistical analysis
--------------------

All data analysis was performed on SPSS18.0. Measurement data was presented as mean ± standard deviation, while enumeration data was depicted as percentage. Measurement data was compared using the chi-square test. MiR-146a expression level was compared using the Mann-Whitney U rank-sum test. The relationship between miR-146a and TRAF6 was analyzed by Spearman rank correlation test. Survival curve was drawn by Kaplan-Meier method and compared by Log-rank test. Receiver operating characteristic (ROC) curve was established to analyze the diagnosis and differentiate value of miR-146a and TRAF6 on LN activity. A *p*\<0.05 was considered statistically significant.

Results
=======

MiR-146a and TRAF6 expression in the PBMCs of LN patients
---------------------------------------------------------

qRT-PCR revealed that compared with healthy controls, miR-146a level significantly declined, while TRAF6 mRNA and protein expression obviously were upregulated in the PBMCs of LN patients ([Figure 1A--1C](#f1-medscimonit-23-2550){ref-type="fig"}). Moreover, miR-146a level was markedly reduced, whereas TRAF6 mRNA and protein expression was significantly enhanced in the PBMCs from active LN patients compared with non-active LN patients ([Figure 1A--1C](#f1-medscimonit-23-2550){ref-type="fig"}). Correlation analysis demonstrated that miR-146a level was obviously negatively correlated with TRAF6 mRNA (r=−0.721, *p*=0.030), suggesting that miR-146a reduction in PBMCs of LN patients lead to TRAF6 upregulation. ELISA results demonstrated that serum IL-1β, IL-6, IL-8, and TNF-α levels in active LN patients were apparently higher than that in non-active patients and healthy controls ([Figure 1D](#f1-medscimonit-23-2550){ref-type="fig"}).

LN patients were further divided into high-level and low-level groups based on the median of miR-146a and TRAF6 mRNA expression. The ratio of miR-146a low expression and TRAF6 mRNA overexpression in active LN patients was obviously higher than that in non-active LN patients (*p*=0.004 and 0.006, respectively) ([Table 1](#t1-medscimonit-23-2550){ref-type="table"}). MiR-146a and TRAF6 expression showed no significant relationship with age and gender (*p*\>0.05) ([Table 1](#t1-medscimonit-23-2550){ref-type="table"}). Correlation analysis showed that miR-146a was negatively correlated, whereas TRAF6 was positively correlated with serum IL-1β, IL-6, IL-8, and TNF-α content ([Table 2](#t2-medscimonit-23-2550){ref-type="table"}).

The diagnostic value of miR-146a and TRAF6 on LN and its activity
-----------------------------------------------------------------

ROC curve was constructed to calculate the diagnostic value of miR-146a and TRAF6 on LN and its activity. The results showed that the area under the curve (AUC) of miR-146a and TRAF6 on diagnosis of LN was 0.821 and 0.897, respectively ([Figure 2A, 2B](#f2-medscimonit-23-2550){ref-type="fig"}). The AUC of TRAF6 on LN activity differentiation was 0.921, which was slightly higher than that of miR-146a at 0.872 ([Figure 2C, 2D](#f2-medscimonit-23-2550){ref-type="fig"}).

The impact of miR-146a and TRAF6 expression on ESRD progression
---------------------------------------------------------------

ESRD progression was considered as the outcome indicator. The survival curve of miR-146a downregulation was obviously steeper than that of miR-146a overexpression, indicating higher incidence of ESRD progression (χ^2^=5.050, *p*=0.025) ([Figure 3A](#f3-medscimonit-23-2550){ref-type="fig"}). The survival curve of TRAF6 upregulation was significantly steeper than that of TRAF6 low expression, suggesting higher incidence of ESRD progression (χ^2^=6.511, *p*=0.011) ([Figure 3B](#f3-medscimonit-23-2550){ref-type="fig"}).

The impact of miR-146a and TRAF6 expression on LN activity
----------------------------------------------------------

The LN patients in the active phase were selected and divided into a high expression group and a low expression group according to miR-146a and TRAF6 mRNA expression levels. As shown in [Table 3](#t3-medscimonit-23-2550){ref-type="table"}, the recurrence rate within one year in the miR-146a downregulation group was apparently higher than that of the high level group (χ^2^=5.066, *p*=0.024), while the ratio in the TRAF6 upregulation group was obviously lower than that of the low level group (χ^2^=4.526, *p*=0.033).

Discussion
==========

SLE is a type of autoimmune disease with complicated etiology mechanism. It is featured as multiple autoantibody formation and immune complex deposition in the viscera, thus mediating chronic inflammation and inflammatory injury, leading to systemic multiple organs damage \[[@b1-medscimonit-23-2550],[@b2-medscimonit-23-2550]\]. The kidney is the main affected organ, and also one of the most serious complications of SLE. About 20% of such patients can further develop ESRD within 10 years \[[@b20-medscimonit-23-2550]\]. The clinical manifestations of the kidney injury include urinary proteinuria, erythrocyturia, leukocyturia, cylindruria, glomerular filtration function decline, and renal tubular dysfunction. LN-induced glomerular damage is the most common type of secondary chronic glomerular disease, which may affect the prognosis of SLE directly. The whole course of SLE often alternates between active and resting stage. Progressive renal function decline and renal failure in the active stage is the main cause of death in SLE \[[@b21-medscimonit-23-2550]\]. It has been shown that the possibility of LN concurrence in SLE patients was 30--50%, and the extent of the renal lesions caused a direct effect on the prognosis of SLE \[[@b6-medscimonit-23-2550],[@b7-medscimonit-23-2550]\]. Thus, an in-depth understanding of the pathogenesis of LN and a search for related biomarkers has important practical significance to the understanding of the severity of LN lesions, judging LN activity, evaluating prognosis, and guiding treatment. In recent years, more and more studies have focused on the pathogenesis of LN and related biomarkers, aiming to improve the prediction of LN activity and the sensitivity and specificity of disease progression \[[@b22-medscimonit-23-2550]\].

Inflammatory factor is one of the important conditions of LN. Immune complex deposition may induce a large number of inflammatory cytokines in the initial disease stage, resulting in lupus glomerulonephritis. IL-6 is a kind of inflammatory factor mainly secreted by T cells and macrophages, which plays an important role in activating T cells and B cells \[[@b22-medscimonit-23-2550]\]. Cash et al. \[[@b23-medscimonit-23-2550]\] demonstrated that IL-6 knockout significantly alleviate the symptoms of proteinuria, hematuria, and lymphocyte infiltration in LN mice. Yoshida et al. \[[@b24-medscimonit-23-2550]\] reported that IL-6 receptor antagonist obviously reduced proteinuria in LN mice. Tsai et al. \[[@b25-medscimonit-23-2550]\] found that IL-6 and IL-8 content in the urine of active LN patients were markedly higher than that in non-active LN patients and healthy controls. Yung et al. \[[@b26-medscimonit-23-2550]\] confirmed that anti-DNA antibody may induce glomerular mesangial and renal tubular epithelial cells secreting IL-1β, IL-6, and TNF-α, thus amplifying inflammatory response. All of the aforementioned results suggest a role for inflammation factors IL-1β, IL-6, IL-8, and TNFα in LN. MiR-146a is a member of miR-146 family that is located on the long arm of chromosome 5. MiR-146a plays an important role in the targeted inhibition of TRAF6 that mediates TRL4 and NF-κB \[[@b17-medscimonit-23-2550]\]. It can negatively regulate immune inflammation to protect immune response from excessive activation by inhibiting TRAF6 gene expression, suppressing TLR4 mediated NF-κB signaling pathway activation, and restraining IL-1β, IL-6, IL-8, and TNF-α expression and secretion \[[@b17-medscimonit-23-2550]\]. Tang et al. \[[@b18-medscimonit-23-2550]\] revealed that the miR-146a levels in the PBMCs of SLE patients were obviously downregulated, whereas low expression of miR-146a mediated high reactivity of PBMCs from SLE patients to INF-I, thus promoting SLE oncomes. Luo et al. \[[@b19-medscimonit-23-2550]\] showed that the gene polymorphism of the binding site rs57095329 of the miR-146a promoter region transcription factor Ets-1 mediated low expression of miR-146a, while the locus gene polymorphisms increased the risk of SLE. Given the described role of miR-146a in immune regulation, this study aimed to investigate miR-146a and its target gene TRAF6 expression in LN and related mechanism.

Our study results showed that compared with healthy controls, miR-146a levels significantly declined, while TRAF6 mRNA and protein expression obviously was upregulated in the PBMCs of LN patients. Moreover, it was associated with activity, indicating that miR-146a downregulation lead to TRAF6 elevation and may be involved in the pathogenesis of LN. Furthermore, serum IL-1β, IL-6, IL-8, and TNF-α content in active LN patients were obviously higher than in non-active LN patients and healthy controls, which was similar to results of Tsai et al. \[[@b25-medscimonit-23-2550]\]. In addition, miR-146a levels in PBMCs of LN patients were significantly negatively correlated with inflammatory cytokines content, while TRAF6 presented a positive correlation. This suggests that miR-146a and TRAF6 may participate in promoting the release of IL-1β, IL-6, IL-8, and TNF-α, and thus take part in LN. In view of the significant difference in miR-146a and TRAF6 expression between LN patients and healthy controls, we explored the diagnostic role of miR-146a and TRAF on LN and its activity. It was shown that miR-146a and TRAF6 present relatively high diagnostic values for LN and differentiate values for LN activity. TRAF6 demonstrated higher accuracy for LN diagnosis and LN activity differentiation, which may be due to TRAF6 acting as a direct factor affecting the activity of the NF-κB pathway and the release of inflammatory mediators, whereas miR-146a only played an indirect role. Detection of miR-146a and TRAF6 expression is of great significance for LN diagnosis and treatment. Since LN is only one of the complications of SLE, it makes it ideal to apply survival and death to evaluate SLE survival and prognosis. Therefore, this study chose ESRD as the primary outcome to evaluate the impact of miR-146a and TRAF6 on LN. It was shown that miR-146a downregulation and TRAF6 upregulation increased the incidence of ESRD progression. In addition, miR-146a downregulation and TRAF6 upregulation elevated the possibility of recurrence within one year.

Conclusions
===========

Compared with healthy controls, miR-146a declined, while TRAF6 increased in the PBMCs of LN patients. Their expression can be used to effectively differentiate LN and evaluate activity. MiR-146a reduction and TRAF6 upregulation increased the possibility of ESRD progress and recurrence within one year.
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###### 

The relationship between clinical characteristics and miR-146a/TRAF6 expression in PBMCs in LN patients.

  Clinical characteristics   Cases   miR-146a   χ^2^   P    TRAF6   χ^2^    P                  
  -------------------------- ------- ---------- ------ ---- ------- ------- ---- ---- -------- ---------
  Age (year)                 ≤30     56         36     20   0.278   0.598   30   26   0.755    0.385
  \>30                       72      43         29     33   39                                 
  Gender                     Male    16         9      7    1.854   0.173   6    10   0.079    0.778
  Female                     112     85         27     38   74                                 
  Activity                   Yes     40         12     28   7.271   0.007   30   10   11.972   \<0.001
  No                         88      49         39     37   51                                 

###### 

Correlation analysis of miR-146a/TRAF6 with IL-1β, IL-6, IL-8, and TNF-α.

          miR-146a   TRAF6           
  ------- ---------- ------- ------- -------
  IL-1β   −0.654     0.022   0.711   0.016
  IL-6    −0.591     0.041   0.680   0.028
  IL-8    −0.701     0.019   0.645   0.034
  TNF-α   −0.623     0.027   0.733   0.011

###### 

The impact of miR-146a and TRAF6 expression on LN activity.

  Indicator                    Low expression group   High expression group   χ^2^   P value           
  ---------------------------- ---------------------- ----------------------- ------ --------- ------- -------
  Recurrence within one year   Yes                    No                      Yes    No                
  miR-146a                     15                     29                      6      38        5.066   0.024
  TRAF6                        8                      36                      17     27        4.526   0.033
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